Effects of acute and chronic gonadectomy on the catecholamine innervation of the cerebral cortex in adult male rats: insensitivity of axons immunoreactive for dopamine-beta-hydroxylase to gonadal steroids, and differential sensitivity of axons immunoreactive for tyrosine hydroxylase to ovarian and testicular hormones.
Previous studies have shown that gonadectomy in adult male rats induces a complex series of region- and time-specific changes in the density of presumed cerebral cortical dopamine axons that are immunoreactive for tyrosine hydroxylase. The present study asked whether noradrenergic cortical afferents also show hormone sensitivity by assaying axons immunoreactive for the enzyme dopamine-beta-hydroxylase in representative areas of acutely and chronically gonadectomized and sham-operated adult male rats. Catecholamine afferents (both tyrosine hydroxylase-immunoreactive and dopamine-beta-hydroxylase-immunoreactive) were also quantified in gonadectomized rats supplemented with testosterone propionate, with 17-beta-estradiol, or with 5-alpha-dihydrotestosterone. Analyses of noradrenergic (dopamine-beta-hydroxylase) afferents revealed no differences in axon appearance or density among the hormonally intact and hormonally manipulated groups. However, analyses of tyrosine hydroxylase immunoreactivity revealed an unexpected division of labor among ovarian and testicular hormones in ameliorating the effects of acute verses chronic hormone deprivation on these afferents. Estradiol replacement attenuated the decreases in immunoreactivity induced by acute gonadectomy, but was ineffective in suppressing changes in immunoreactivity stimulated by chronic gonadectomy. In contrast, supplementing gonadectomized animals with dihydrotestosterone provided no protection from acute decreases in innervation, but fully attenuated both the supragranular decreases and infragranular increases in tyrosine hydroxylase-immunoreactive axon density that mark the association cortices of chronically gonadectomized rats. Together these findings indicate both long- and short-term effects of gonadectomy on cortical catecholamines, principally target dopamine afferents, and that chronic gonadectomy, which selectively disturbs dopamine innervation in the prefrontal cortices, involves a compromise in androgen signaling pathways.